Background: Intralesional injection of autologous blood-derived products has recently gained attention as a potential treatment for plantar fasciitis (PF). We compared platelet-rich plasma (PRP) and whole blood (WB) for the treatment of chronic PF. Materials and Methods: Patients with chronic PF received either an intralesional injection of 3 cc PRP prepared by double centrifuge technique or WB (n = 17 in each group). Overall, morning and walking pain severity were assessed by 11-point numerical rating scale, and function was assessed by the Roles and Maudsley score (RMS) at baseline and 1-month and 3 months after treatment. Ultrasonography was performed to measure plantar fascia thickness at baseline and 3 months after treatment. Results: Pain scores were reduced over the study in the PRP (mean change = −5.00 ± 1.17 to −5.47 ± 1.46) and WB groups (mean change = −5.29 ± 2.56 to −6.47 ± 2.83), with no difference between groups (P > 0.05). One month and 3 months after treatment, successful treatment (RMS of ≤ 2) was respectively observed in 29.4% and 82.3% of the PRP and in 47.1% and 76.4% of the WB groups (P > 0.05). Also, fascia thickness was decreased in both the PRP and WB groups (mean change = −1.74 ± 1.11 vs. −1.21 ± 0.73 mm, respectively, P = 0.115). Conclusions: Significant improvement in pain and function, as well as decrease in plantar fascia thickness, was observed by intralesional injection of the PRP and WB in patients with chronic PF. The study results indicate similar effectiveness between PRP and WB for the treatment of chronic PF in short-term. 
INTRODUCTION
Plantar fasciitis (PF) is the most common cause of heel pain in adults with a lifetime prevalence of about 10% and a peak incidence in the middle age. The etiology of PF is not completely understood www.advbiores.net
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Advanced Biomedical Research | 2016 in a subset of patients with a significant impact on patients' quality of life [2] and associated healthcare burden. [3] Conservative treatments such as relative rest, activity modification, oral analgesics, and stretching techniques are found successful for the initial management of PF in most patients. [4] Those who are nonresponsive to such treatments may require more invasive procedures. Injection of corticosteroids into the proximal plantar fascia is commonly used in the treatment of chronic PF and often results in short-term pain relief. [5] However, recurrence is common after corticosteroids' injection, it is not complication free, and may increase the risk of fat pad atrophy and plantar fascia rupture. [6] Although surgical intervention such as plantar fasciotomy is beneficial for recalcitrant cases, potential complications as well as the need for postoperative cares limit its efficacy to the last resort. [7] Intralesional injection of autologous blood-derived products (ABDPs) such as platelet-rich plasma (PRP) has recently gained attention as a potential treatment for PF. The PRP, produced via centrifuged blood, is rich with platelets that release a variety of growth factors and cytokines which can stimulate the natural healing process in traumatic and degenerative tissues. [8] It has been shown effective for the management of osteoarthritis, [9] muscle injury, and tendinopathies. [10] Current evidence also has shown promising results for the use of PRP in the treatment of PF, though a limited number of controlled trials are yet conducted in this regard. [5] Available data have shown that injection of PRP is more effective and durable than corticosteroids in providing pain relief for patients with chronic PF. [11, 12] A number of studies showed that injection of the whole blood (WB) provides comparable results to PRP for the treatment of tendinopathies. [13] [14] [15] [16] Although intralesional WB injection is shown to improve pain in patients with chronic PF, it has not been as effective as corticosteroids' injection in some studies. [17, 18] However, there is no evidence on a direct comparison between PRP and WB in the treatment of patients with PF. If shown to be noninferior than PRP, the WB can be easily applied, without the need for specific equipment, and with less costs than PRP. Considering the lack of data in this regard, we aimed to compare autologous WB with PRP in the treatment of patients with chronic PF. We hypothesized that WB is as effective as PRP in reducing pain and improving function in these patients.
MATERIALS AND METHODS

Patients and settings
This single-blinded (outcome assessors) comparative clinical trial was conducted on patients with PF referring to the physical medicine and rehabilitation clinic of the Alzahra University Hospital (Isfahan city, Iran) between October 2013 and March 2015. The inclusion criteria were age of ≥ 18 years, diagnosis of PF by a physiatrist based on current guidelines, [19] duration of symptoms for at least 3 months before the study, and lack of response to conservative treatments such as nonsteroidal anti-inflammatory drugs (NSAIDs) and physiotherapy. Patients with any of the following characteristics were not included in the study: Received corticosteroids in the preceding 6 weeks, history of surgical interventions on the ankle/ heel, consumed aspirin or NSAIDs in the previous week, history of stroke within the last 3 months, pregnancy or breastfeeding, and evidence of malignancy, anemia, diabetes, hypothyroidism, peripheral neuropathy, acute infection, and coagulopathies. Sample size was calculated as 17 cases in each group considering type I error probability of 0.05, study power of 0.8, and expecting at least 2 points reduction in the numeric pain rating scale (NPRS) as the suggested minimal clinically important difference for this scale. [20] The study was approved by the Ethics Committee of the Isfahan University of Medical Sciences, and informed consent was obtained from patients. Also, the study protocol was registered at the Iranian Registry for Clinical Trials (www.irct.ir, registration number: IRCT2015041821830N1).
Interventions and study design
Autologous PRP was prepared based on the double centrifuge technique and using available commercial kit (Rooyagen Co., Tehran, Iran). Briefly, 40 cc venous blood was collected in tubes containing citrate and heparin. Then, erythrocytes were separated at first spin step (centrifugation at 1600 rpm, for 12 min), and leukocyte-reduced PRP was collected after the second spin (centrifugation at 3500 rpm, for 7 min). This protocol resulted in 3 cc of PRP with about 6-to 8-fold increase in platelet levels. Blood collection, PRP preparation, and injection steps were all performed in a same room with a maximum interval of 30 min between blood collection and PRP injection. The WB was prepared by collecting 3 cc of venous blood in heparin-containing blood tubes just before the injection.
The study was not able to be conducted as a double-blinded trial because of the appearance of the drugs and technical processes. Patients were randomized into the PRP and WB groups. All injections were done by a single physiatrist resident with the patient at the supine position and the ankle in neutral position. The skin at the site of injection was appropriately prepped and draped. Injection was done in sterile condition, using a 22G needle (included in the PRP kit, Rooyagen Co., Tehran, Iran), at the maximal tenderness point, and with the medial approach. No local anesthetic was used in any group. To manage pain at the injection site, patients were instructed to elevate the lower extremity, avoid weight bearing activity for 3 days, avoid running for 10 days, use cold pack, and consume acetaminophen as needed. Also, patients were educated to schedule the program of stretching the Achilles tendon and plantar fascia. However, using corticosteroids or NSAIDs was prohibited.
Measurements
A physiatrist resident who was not aware of the allocation sequence (single-blinded design) interviewed with each patient and assessed pain severity and activity limitation at baseline and then 1-month and 3 months after intervention. Pain severity was assessed using the 11-point NPRS (0 = no pain, 10 = the worst imaginable pain) in three states of (a) at early morning, (b) over a day in average, and (c) by walking. Also, patients were interviewed for the Roles and Maudsley score (RMS), which evaluates activity limitation due to pain with a 4-point scale; excellent (1) = no pain, full movement and activity; good (2) = occasional discomfort, full movement and activity; acceptable (3) = some discomfort after prolonged activity; and poor (4) = pain limits activities. [21] The RMS of 1 or 2 at 1-month and 3 months after the intervention was defined as treatment success based on the previous studies. [22] At the second and third visits, patients were also interviewed, and the heel was examined for any possible side effect or complication.
A radiologist performed two-dimensional real-time B-mode ultrasonography using a 10 MHz linear array transducer (SONOLINE G60, Siemens, Munich, Germany) at baseline and then 3 months after intervention. Plantar fascia thickness was measured at about 2 cm distal of the medial calcaneal tuberosity. Also, plantar fascia appearance was evaluated for echogenicity and biconvexity. The radiologist was not aware of the patients' allocation sequence (single-blinded design).
Study outcomes
The study primary outcomes were the change in pain score after treatment and treatment success as defined by the RMS. Secondary outcomes were the change in plantar fascia thickness and ultrasonographic characteristics. 
Statistical analysis
RESULTS
A total of 53 patients were evaluated during the study from which 34 were eligible for the study and were allocated into the study groups, all of whom completed the study [ Figure 1 ]. Patients' baseline characteristics are summarized in Table 1 . The BMI was higher (by 3.4 ± 1.5 kg/m 2 , P = 0.034) and abnormal echogenicity at plantar fascia was more frequent in the PRP compared with the WB group (88.2% vs. 47.1%, P = 0.026).
Comparing trend of changes in pain scores over the study between the two groups is summarized in Table 2 . Overall pain, morning pain, as well as walking pain were all improved over the study in both the PRP (F = 65.4-88.4, P < 0.001) and WB (F = 53.0-67.9, P < 0.001) groups, Figures 2-4 . There was no significant difference between the two groups regarding the amount of changes in pain scores by 3 months after treatment (P > 0.05). Also, the repeated measure test found no significant effect for the type of treatment on the trend of changes in pain scores over the P = 0.003), such effect became nonsignificant (F = 2.5, P = 0.088). Because BMI was correlated with baseline morning pain scores (r = 0.454) and there was a difference between the two groups in BMI, this factor was then included into the repeated measure as a covariate. There was no change in the overall test's results after controlling for BMI.
All patients had RMS of 4 (poor) at baseline. One month after treatment, 5 (29.4%) and 8 (47.1%) patients of the PRP and WB groups, respectively, had treatment success based on the RMS (between groups comparison, P = 0.481). Three months after treatment, success was observed in 14 (82.3%) and 13 (76.4%) patients of the PRP and WB groups, respectively (between groups comparison, P > 0.999) [ Table 3 ].
Echogenicity of the plantar fascia was normalized 3 months after treatment in 86.6% (13/15) of the PRP and 87.5% (7/8) of the WB groups (between groups comparison, P > 0.999). Also, fascia thickness was decreased in both the PRP and WB groups with no significant difference between the two groups (mean change = −1.74 ± 1.11 vs. −1.21 ± 0.73 mm, respectively, P = 0.115) [ Table 4 ]. A weak and statistically nonsignificant correlation was found between reduction in fascia thickness and decrease in overall pain (r = 0.272, P = 0.119), morning pain (r = 0.212, P = 0.229), and walking pain in all patients (r = 0.263, P = 0.133).
Side effects
No severe side effect or complication was reported by the patients or observed by the physiatrist over the study period.
DISCUSSION
Various nonsurgical interventions are proposed for the treatment of chronic PF; however, the optimal treatment is not yet identified. [4] Recent studies have shown promising results by intralesional injection of ABDPs for the treatment of patients with chronic PF. To our knowledge, our study is the first direct comparison between PRP and WB in these patients. We found significant and similar improvement in pain and function by the intralesional injection of the PRP and WB. Also, fascia thickness was decreased, and echogenicity of the fascia was normalized similarly after both treatments. These results showed that at least in short-term, intralesional injection of PRP and WB are similarly effective for treatment of patients with chronic PF.
A limited number of controlled clinical trials are conducted on the efficacy of ABDPs for PF. Comparative studies with 6 weeks to 6 months follow-up periods have found better improvement in pain and function by the intralesional injection of PRP compared to corticosteroids in patients with chronic PF. [12, 23, 24] In a long-term study, Monto found improvement by the corticosteroid injection that last for about 6 months, but pain rebounded to the baseline after 12-24 months. However, the improvement observed by PRP maintained for up to 24 months after treatment. [11] In contrast to these reports, a 6-month trial by Aksahin et al. reviled similar improvement in pain and function with both PRP and corticosteroids. [25] Although we did not compare ABDPs with corticosteroids, the observed pain relief by PRP and WB in our study (pain reduction of between 5 and 6.4 scores out of 10) was comparable to previous reports (pain reduction of between 3.4 and 7.8 scores out of 10). [11, 12, 24, 25] In overall, available evidence shows better outcomes for intralesional injection of PRP compared to corticosteroids. When the potential complications of corticosteroids are also taken into account, PRP injection seems to be a better treatment option than corticosteroids for treatment of chronic PF. Comparison of PRP with other treatments such as dextrose prolotherapy [26] and extracorporeal shock wave therapy (ESWT) [27] also showed equal or better improvement with PRP. With regards to the WB, it is shown to improve pain in patients with chronic PF, but it has not been as effective as a corticosteroid injection. [17, 18] However, we found similar short-term results between PRP and WB for the treatment of PF. Considering a limited number of head-to-head trials, further comparative studies are required in this regard.
The therapeutic effects of ABDPs for PF are not only evident by subjective assessment of pain but also through objective measures. The thickness of the plantar fascia, as measured by ultrasonography, is proposed as an objective outcome measure for the assessment of treatment response in PF. [28] In this regard, Ragab and Othman reported about 2.3 mm reduction in the plantar fascia thickness 3 months after treatment with PRP. Also, these investigators found changes in the echogenicity of the plantar fascia after PRP injection. [29] In another study, Chew et al. found reduction in plantar fascia thickness of about 1.5 mm by 6 months after PRP injection which was greater than that observed after ESWT. [27] Similar to these studies, we found between 1.2 and 1.7 mm reduction in plantar fascia thickness and also alterations in the echogenicity of the plantar fascia after injection of ABDPs. However, we found no strong and significant correlation between changes in pain severity and changes of the plantar fascia thickness which may be attributed to the small sample size of the study. Using objective measures such as plantar fascia thickness in future studies can provide better data on the effectiveness of ABDPs for the treatment of PF.
Besides our study, there is no other evidence on a direct comparison between PRP and WB in the treatment of PF. Previous comparative trials in this regard were mostly conducted for the treatment of tendinopathies (e.g., tennis elbow). In the study by Zhao et al., patients with chronic tennis elbow received either PRP or WB and were followed for 8 weeks. Authors found significant and similar improvement in pain and function in both groups after 4 weeks, but PRP resulted in better outcomes than WB after 8 weeks. [16] The study by Raeissadat et al. also found similar improvement by PRP and WB in patients with chronic tennis elbow in short-term (4 weeks), but better outcomes by PRP after 8 weeks. [14] However, in another trial by the same investigators, a similar improvement in pain and function was observed for PRP and WB over a 1-year follow-up of the patients. [15] The study by Creaney et al. also found improvement in pain and function which was similar between PRP and WB over a 6-month follow-up period. [13] Considering the higher concentration of platelets' products, it may be expected that PRP would result in better healing than WB. To date, however, evidence has shown similar outcomes by administration of various types of ABDPs for the treatment of tendinopathies. [30] Similarly, we found comparable short-term outcomes between PRP and WB in the treatment of PF that was evident by both subjective and objective measures. Whether such outcomes are the same between PRP and WB after a longer follow-up period should be investigated by further studies.
The mechanisms behind therapeutic effects of ABDPs for PF are not completely understood yet. Platelets contain various growth factors and proteins that are vital in many stages of tissue healing. [31] The PRP contains a concentrated amount of such products that can augment the native healing processes at the site of injury by enhancing fibroblast proliferation and migration, stimulating vascularization, and increasing collagen deposition in the tissue. [31] It is shown that PRP promotes differentiation of tendon stem cells into active tenocytes and also increases tenocyte proliferation in the healing area leading to increased production of collagen which is required for repair of the injured tendons. [32] [33] [34] Moreover, a number of studies have shown that the regenerative properties of the PRP are dose-dependent, and the concentrated growth factors work in a synergetic manner to initiate a healing process. [35] [36] [37] [38] Accordingly, expecting a better improvement by PRP compared with WB is justified by these mechanisms. On the other hand, the activity of growth factors may be affected through interaction by other blood cells (e.g., leukocytes) presented in WB. [30] It may explain why the WB has been as effective as the PRP for the treatment of tendinopathies and PF. However, considering the lack of data, a clear conclusion cannot be made in this regard yet. Measuring biomarkers of tissue healing after injection of ABDPs can provide better data regarding the underlying mechanisms of these promising therapies for PF.
Our study has a number of limitations. The study sample size was small, which affected the randomization quality as well, and the follow-up was only for 3 months. Due to the nature of the interventions, blinding of patients and treatment providers were not easily possible though the outcome assessors were not aware of the assigned treatments in our study. Also, the study has no placebo control group and the observed therapeutic effects in our study cannot be completely attributed to the ABDPs injection. [30] However, in addition to subjective pain assessment, we also evaluated objective measures, that is, plantar fascia thickness. The decrease in plantar fascia thickness after active interventions has not been observed by placebo in previous studies.
[ [39] [40] [41] Accordingly, our study results are less likely to be largely affected by placebo effects.
In summary, we found significant improvement in pain and function and reduction in plantar fascia thickness by intralesional injection of ABDPs in patients with chronic PF. The study results indicate the similar effectiveness of an intralesional injection of PRP and WB for the treatment of chronic PF in short-term. Compared with PRP, injection of WB does not require special equipment, the costs are relatively low, and the technique can be easily applied in various clinical settings. However, our study results need to be confirmed by further studies with a larger sample of patients and longer follow-up duration.
